Summary: During the neonatal period, total and conjugated bilirubin determinations are necessary to identify the origin of jaundice, to predict its evolution and to treat it. We discuss the results obtained in 108 neonates (less than 15 days old), undergoing phototherapy or not, using a colorimetric diazo reaction and dual wavelength reflectance with a Kodak Ektachem analyzer. Concerning total bilirubin determination, the methods correlate well (r > 0.96). Discrepancies are observed for conjugated or "direct" bilirubin, and high performance liquid chromatography was carried out in order to explain them. The chromatograms show 4 neonate samples with only classic mono-but no di-glucurono-conjugate fractions, whereas all the neonates present two unusual fractions (I and Π) not seen in adults. A correlation was found between the amount of fraction II and the conjugated bilirubin determined by diazo reaction and between fraction I and the conjugated bilirubin obtained in the Kodak Ektachem assay. A better correlation between fraction I and conjugated bilirubin on Kodak was observed (r = 0.79, vs r = 0.66) when the newborns were submitted to phototherapy. Moreover, fraction II and conjugated bilirubin measured by the diazo reaction on Hitachi 717 rose significantly.
Introduction
,_ , ucts (2) that may interfere with the biochemical methNeonatal hyperbilirubinaemia is currently observed ods commonly used for bilirubin determination (3) . during the neonatal period (25 -r 50% of all neonates), mostly due to low activity of the hepatic glucurono-The aim of this study is to compare the data of total syltransferase (EC 2.4.1.17) (1) . Total and conjugated and conjugated bilirubin measured in neonates, un-(or "direct") bilirubin determinations are necessary to dergoing phototherapy or not, using two commonly identify the origin of the jaundice, to predict its evo-employed methods: colorimetric diazo reaction on a lution and to treat it. Visible light phototherapy is Hitachi 717, dual wavelength reflectance on a Kodak one of the effective treatments frequently given to Ektachem 700. High performance liquid chromatothese children, but it produces photochemical prod-grapfay was then used for further investigation.
Materials and Methods

Patient samples
Serum samples were from 108 neonates during the first 15 days of life (mean age: 4.7 days; range: 1-14 days), submitted to the laboratory for a survey of the bilirubin course. The gestational ages of the infants ranged from 26 to 41 weeks (mean 33 ± 4 weeks). Among these neonates, 38 of them (35%) were undergoing intermittent or continuous visible light phototherapy.
Bilirubin analysis procedures
For the colorimetric method, bilirubin is coupled with diazotized sulphanilic acid, in the presence (total bilirubin determination) or in the absence (direct bilirubin determination) of caffeine, to yield an azodye (Boehringer Mannheim GmbH, Germany) (4). This was done on a Hitachi 717 automatic analyzer (Hitachi, Ltd, Tokyo, Japan). For calibration, a commercially available solution containing direct and unconjugated bilirubin was used (Bilitrol Biomerieux, France).
For the dual wavelength reflectance method, unconjugated and conjugated bilirubin concentrations were determined using the dry slide Bu-Bc on a Kodak Ektachem 700 analyzer (Eastman Kodak Company, Rochester-Ny, USA), according to the manufacturer's recommendations for samples from newborns less than 15 days old. Total bilirubin was calculated by adding unconjugated and conjugated bilirubin (5).
The high performance liquid chromatography procedure used derives from the method described by Lauff et al. (6) . After precipitation of the high molecular mass proteins by Na 2 SO 4 , different fractions of bilirubin are separated on a Lichrosorb RP8 (125 χ 4mm) Merck column, using an HP 1090 apparatus. A step gradient solvent is used for elution. Retention times of 4.86, 6.36, 7.63 and 11.08 minutes are, respectively, characteristic for delta, di-, mono-glucurono-conjugated and unconjugated bilirubin. Each fraction is quantified by a diode array detector at 450 nm by comparison with different bilirubin standard solutions.
The bilirubin concentrations are given in μπιοΙ/1. During the tests all serum samples are protected against light.
The mean total bilirubin, determined by means of the two automated analyzers (Hitachi 717 and Kodak Ektachem 700) were, respectively, 160 ±61 μπιοΐ/ΐ and 156 ±58 μηιοΐ/ΐ, which correlated well ( fig For conjugated or "direct" bilirubin, data are shown in table 1. The concentrations of conjugated or "direct" bilirubin ranged from 0 to 40 μιηοΐ/ΐ, and no correlation was found between the results obtained by the two automated analyzers ( fig. 2) . In order to explain these discrepancies, we performed reversephase high performance liquid chromatography. The chromatograms show that delta bilirubin was always less than 1 % of the total bilirubin, that di-glucuronoconjugated fractions were not observed and that the usual mono-glucurono-conjugated fractions were present only in 4 neonates (< 4 μιηοΐ/ΐ). Two of the neonates were 4 days old, the others 5 and 11 days old.
Statistics
The data obtained with the different methods were compared, using regression analysis. The results of bilirubin determination for newborns with or without phototherapy were compared using variance analysis (ANOVA).
Results
Results of a precision study of bilirubin determination by the different methods are summarized in table 1. the conjugated or "direct" bilirubin obtained by the two other assays previously described, shows that each method separately correlates only with one of the two neonate fractions: fraction II with diazo reaction ( fig. 4 ) and fraction I with the dual-wavelength reflectance assay. This is particularly true in the latter case when the newborns are undergoing phototherapy ( fig. 5) . Moreover, when the newborns received this treatment, fraction II and the rate of conjugated bilirubin determined by diazo reaction rose significantly (p < 0.05) (tab. 2).
Finally, no correlation was found between the presence of conjugated bilirubin (whatever the methodology) and the gestational age of the newborns.
Discussion
Total serum bilirubin is accurately determined during the neonatal period (less than 15 days of life) by the two automated assays: dual wavelength reflectance and the diazo reaction method, as previously described (7). With regard to determination of the fraction called conjugated or "direct" bilirubin, some questions still remain and the results are not so clear-cut. With HPLC the Chromatographie profile differs depending on whether the samples are obtained from neonates or from adults. The di-glucurono-conjugated fraction in particular is never observed and the mono-glucurono-conjugated fraction is seen only in a few cases (n = 4), at a> concentration always less than 4 μηιοΐ/ΐ. Rosenthal et al. (8) described conjugated fractions found during the neonatal period, when using a different high performance liquid Chromatographie procedure and a serum sample far larger than we were able to apply.
In order to explain the origin of the two particular neonatal fractions (I and II), various hypotheses can be suggested. The hyperbilirubinaemia of neonates might be a consequence of an impaired glucuronidation; other sugar conjugates of bilirubin could be produced (7) . These polar compounds might behave like glucuronated bilirubin with the diazo reaction or dual wavelength reflectance. Another alternative is the appearance of photo-derivatives or haemoglobin components likely to be present in haemolyzed samples, interfering with conjugated bilirubin determination. During phototherapy, the analysis of bile shows that lumirubin is the major bilirubin isomer excreted (9) , but configurational isomers may also be present in the circulation. These different components, specific for the neonatal period, may interfere with the determination of conjugated or "direct" bilirubin by the usual methods and further investigation is necessary to determine their real nature.
Moreover, the diazo reaction determines the part of bilirubin that reacts "directly" with diazotized sulphanilic acid, whereas the reflectance method evaluates the absorbance of conjugated bilirubin derivates (5,7). In conclusion, a discrepancy is observed between two methods commonly used (i. e., diazo reaction and dual wavelength reflectance) for the determination of "conjugated" bilirubin in neonatal samples. When these samples are analyzed by liquid chromatography, the usual fractions are rarely observed, whereas two different fractions are present (I and II) that require further investigation to determine their real nature and to assess their role in the above-mentioned discrepancy. Finally, these results show that the determination of "direct bilirubin" during the neonatal period involves still unresolved problems as regards the study of premature newborns (mean = 33 weeks) or term ones (10) .
